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A method was developed using high-performance liquid chromatography to assay 4,4’-dinitrocarba-
nilide (DNC), the active ingredient in Nicarbazin, in eggshells collected from Canada geese fed a
formulated feed fortified with Nicarbazin at doses of 0, 125, 250, and 500 ug/g. The method was
developed using chicken eggshells fortified with DNC. The method was used to quantify DNC in
both the shell-associated mermbranes and the calcified shell extracellular matrix. These values were
compared to those obtained for a composite sample consisting of both the membranes and the calcified
shell extracellular matrix. The validated method was used to quantify DNC in eggshells from geese
fed fortified feed to ascertain the effect of Nicarbazin feed concentration on shell DNC concentration,
DNC levels in the eggshells were highly correlated with feed dose.
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INTRODUCTION

The need to develop tools to aid in the population control of
rapidly increasing nonmigratoery Canada goose (Branta ca-
nadensis) populations has become increasingly important in the
face of concerns raised by property owners affected by these
populations. Given the proximity of many of these populations
to urban centers. the methods chosen must be socially accept-
able. Nicarbazin is presently under investigation as a means of
preventing the development of the embryo in eggs laid by geese
by the U.S. Department of Agricullure/Animat Plunt Health
Inspection Service/Wildlife Services/National Wildlile Research
Center (NWRC} for munagement of nonmigratory Canada goose
populations.

Nicarbazin is an equal molar complex of 4.4°-dinitrocarb-
anilide {DNC: Figure 1) and 4.6-dimethyl-2-pyrimidinol (HDP:
Figure 1). Nicarbavin is widety used in the poultry industry as
a coccidiostat. DNC has a fonger residence time than HDP in
poultry. HDP is theught to aid in the uptake of the DNC and is
rapidly exereted (7). Nicarbazin has been observed to affect egg
viagbility when fed to layer hens (2) and appears to intertere
with the formation of the yolk membrane, allowing the yolk
and albumin 10 mix. preventing chick development. Nicarbazin
reduces the hatchability in the cggs of geese ina similar manner
(7). Numerous methodologics exist tor assaying Nicarbazin,
pacticularly DNC. in poultry cge contents and tissucs (4—9).
However. none have been developed lor measuring Nicarbazin.
as DNC. in eggsheils exclusively.

* Author ro whom carrespondence should be addressed [elephone (970)
266-6062: fax (970) 2066-0063; e-mail randal s.stabl @aphis.usda.gov].
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Figure 1. Structures of 4,4'-dinitrocarbanilide (ONC} and 4.8-dimethyl-
2-pyrimidinel (HDP), the ingredients in Nicarbazin.

By monitoring the DNC levels in the hatched eggs it becomes
possible to refing baiting strategies o allow for adequate
population control without disrupting the nesting behavior of
the geese. Collecting whole eggs from a nest for analysis can
be disruptive and result in increased mating behavior. Also. the
presence of nonviable eges is not indicative of a treatment’s
success as environmental factors such as temperature and
humidity play a large role in cgg viability: a nonviable egg with
DNC present may be nonviable due o some factor other than
Nicarbazin dose. Establishing the dose effect independently of
the environmental etfects in a natural setting requires that the
highest doses of Nicarbazin to be measured in the viable
(successfully batched) eggs be determined. Another complicating
factor in determining dose response ts that geese must be studied
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in natural environments as they are highly social birds and do
not behave normally in isolated. controlled environments.,

Earlier work at the NWRC sought o determine the optimal
dose of Nicarbazin to induce nonviability in eggs in Canada
geese (3). This work relied on assaying the egg contents to
cstimate the dose of Nicarbazin. At all levels of Nicarbarin in
the feed (up to 500 wg/g) some eggs were observed to hatch.
The ability to determine an actual optimal dosce was complicated
by the reliance on analyzing cgg contents. It was not possible
to determine the dose received by cggs that appeared to be viable
at collection {the egg contained an embryo) or eges that hatched.
To address these issucs.we developed a method to assay the
concentration of Nicarbazin in the cggshell by measuring the
concentration of DNC in the shell,

The eggshell is a complex structure consisting of both
calcified and uncalcified fayers (70—-172). There are two non-
calcified membranes associated with the shell in the carly stages
of embryo development. the outer shell membrane and the inner
shell membrane (/0—72). As the embryo develops. another
membrane, the chorioallantoic membrane (CAM). is formed.
This membrane luses with the inner shell membrane and cannot
be mechanically scparated from it (/2). In the chicken egg. the
CAM is completely formed by the [4th day after ferdlization,
prior to organogenesis (72). The CAM becomes highly vascu-
larized and is associated with gas exhange. waste excretion. and
calcium mobilization for the developing embryo (11, 12).

The inner membranc/choricallantoic membrane complex can
be readily separated {rom the outer membrane/uncalcificd
extracellular matrix (ECM). and we refer 1o this complex as
isolatcd membranc and make no distinction between these
membrane lavers. The calcified cxtracellular matrix often
including the outer membrane is referred to as the shell. The
extracellular calcificd matrix and all of the noncaleified
membrane matrices asseciated with the shell. regardless of the
stage of development of the egg. are referred (0 as the egzshell.

Analysis of various organic contaminants, particularly chlo-
rinated hydrocarbons. in the eggshell at different stages of egg
development for various bird species has been used to predict
cxposure levels in the diet as well as in the general environment
(73). Studies have often focused on pesticides in a single
membrane structure al a given stage of development for the
ege (J3—78). The fevels of contaminants found in the isolated
membranes tend to be correlated highly with the congentrations
of pesticides found in the eggs themselves (£3). These observa-
tions ted us to believe that we could estimate Nicarbazin doscs
by measuring DNC in eggshells. so we developed a high-
performance liquid chromatography (HPLC) miethod to quantify
DNC in fortified chicken cggshells. The applicability of the
miethod to goose eggshells was conlirmed by extracting fortificd
goose cggshells. The method was then applied (o the eggshells
obtained from Canada geese fed Nicarbazin teed fontified at
different levels of Nicarbazin with the objective of this field
study to ascertain whether the DNC tevels measured in the shells
rellected exposure in the dict

MATERIALS AND METHODS

Reagents. Solvents used include acetonitrile (ACN3}, Fisher HPLC
arade. and H-O. distilled. Chemicals used were Nicarbazin (Phibro
Animal Health, San Dicgo CA}. technical grade (certified 96.6% pure).

High-Performance Liquid Chromatography. Standards and cgg-
shell extracts were analyzed with an Agilent 1160 HPLC system with
an MWD-UV deector. A 30 ¢l sample was injected onto a Keystone
ODS/H C-18 column. 5 um particle size, 4.6 x 250 mm, using a
Kevstone ODS/H 4.6 x 15 mm guard column. The separation was
performed using a gradient elution in a mobile phase of 40% ACN/
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60% HQ increasing to 60% ACN/MO% H-0 over 15 min, The final
mobile phase composition was maintained for 10 min. The flow rate
was | mL/min with a column temperature of 40 “C. DNC was mcasured
at A = 347 nm. The column was allowed 10 re-equilibrate at the original
conditions for 10 min between sample injections,

Sample Extraction and Analysis. Five matrices (DNC-foetified
chicken eggshell. control chicken eggshell. DNC-fortified goose
egashell. control goose eggshell, and goose eggshell samples collected
during a feeding study) were analyzed. In each case 5.0 g of eggshell
was cut into strips. <1.5 cm in width. to allow insertion in a test tube,
and ground with a Brinkman Polyiron in 7 mL of acetonitrile, The
suspension was sonicated for [0 min using a Bransonic 20 ultrasonic
bath and then shaken on an Eberbach horizontal shaker for 10 min,
The suspension was centrifuged for 2 min at 2500g. The superratant
was decanted. The extraction was repeated twice more. both times in
5 mL of acetonitrile. The suspension was sonicated only during the
first extraction. The extraction volumes were combined and filiered
through a Teflon filier disk (.45 gm pores). The volume was reduced
under a gentle N, stream at 60 °C using an N-Evap (Organomation.
South Berlin, MA). The solution was brought 10 a final volume of 1.00
mL in acetonitrile. The solution was sonicated for 1Q min using a
Bransonic 20 ultrasenic bath, and an aliquot was filtered through a
Tellon filter disk (0.45 ym pores) into an LC vial and capped. Each
eoosc cgeshell was assayved 1twice, Values were averaged to calculate
a shell concentration.

Method Development and Validation. The lincar range of the
method was established using standards prepared from stock selutions
(1012 and 101 pg/mL) a1 concentrations of 10,1, 5.05. 1.01. 0.505.
0.101. and 0.020 yeg/mL in acetonilrile. Standards were analyzed using
the HPLC method described previously. Peak arcas were regressed
against concentration using SAS version 8.2. The residuals and the
correlation coefficient were evaluated to determine linearity. The
instrument limit of detection (ILOD) was calculated from the peak
heights for the 0.02 gg/mL standard and a selvent (acetonitrile) blank,
for which the ILOD was defined as a signal peak height 3 times the
average baseline noise (peak to peak).

Extraction Validation, Chicken eggs were oblained from a local
grocer. Orgamcally raised, as well as traditionally raised. chickens were
used as sources. Both white and brown eggshells were extracted 1o
determine if shell pigmentation affected the analysis. Eges were eracked
apen and the contents removed. The eggshells were gently rinsed in
distitled H-O. The eggshells were air-dried and then cut into strips.
Eggshells were composited to provide 5 g samples. Samples were
foruified with DNC in acetonitrile using stock solutions (9,92 and 99.2
ug/mL) to provide L0975 and 0.986 pa/e treatments. Samples were
vortex mixed afier fortification. Replicates of three samples al each
fortification level were extracted on three separate days to provide hoth
inter- and intraday rccovery values. The method limit of detection
(MLOD} was calculated from the peak height for the 0.0973 pe/e
fortilied samples and unfortitied controls. The MLOD was defined 160
be the signal required to produce a peak height 3 times the bascling
noise (peak (o peak) in the vnfortitied controls. The limit of quantitation
(LOQ) was calculated from the 0.0973 pofe fortified sumples and the
unfortificd controls. The LOQ was defined as the signal peak height
required to produce a signal 10 tumes the bascline (peak to peak) in
the unfortified controls.

Goose Feeding Field Study. Eighty-cight pairs of Canada geese
were maintained in outdoor pens at a farm in Fillmore County.
Minnesota. The pairs were randomly assigned to a Nicarbazin feeding
regimen. There was one mated pair of geese per pen. The birds were
fed 200 g of extruded feed containing 500. 230, 123, or O ugfe
Nicarbazin. These treatments were selected to target 6—8 ug/mbL DNC
in the blood plasma for a 4 kg goose consuming 100 g of the 500 pe/e
treated {feed. There were 22 pairs assigned Lo each treatment group.
Feed was formulated by a local mill using a proprictary proven recipe
developed by the owners of the geese to be fed duning the laying season.
The addition of Nicarbazin was the only maodification to the recipe.
Birds were fed the treated feed once a day. All breeding pairs were
started with the treated feed on the same day. A pair was fed treated
feed for approximately a weck prior o the laying of the first cgg in a
clutch. The treated-leed regimen was provided until all of the cggs in
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a clutch were laid and the hen initiated incubation. For 809 of the
birds the treatment duration ranged from E5 tol8 days. Once the treated
teed had been consumed. a maintenance diet of untreated feed was
provided. Eggs were tabeled on the date they were laid.

Unhatched eggs and eggshells from eggs that had hatched were
collected from 4 10 30 days after being laid in an attempt o collect
egges before they hatched. which occurred ~28 days after being laid.
Eggs were stored at —12 °C untit analyzed. The shells were separated
from the egg contents. rinsed with distilled H-O. and stored frozen
untit analyzed. To verify that the method developed with chicken cggs
was applicable. control geose eggshells were randomly selected and
subsampled. forufied {# = 5 at each level) at 0. 0.1, and [.0 peg/a, and
extracted using the described method. These were compared to the
recovery data for fortified chicken eggshells using Student’s ¢ test to
test for significant differences in recovery. To establish the relationship
between feed treatment and DNC levels in the cggshell. seven nonviable
eges were randomly sclected at cach of the treatment ievels for analysis.
Ten of these 28 eggs. three at each treatment level and one control.
were subsampled to determine the distribution of DNC between the
shell and the isolated membranc. Prior to analysis the shells were cut
ino strips and ~5 g portions were weighed out. The shells were
extracted as described above, The results from the eggshell assay were
evatuated using analysis of variance (Excel, Microsoft) and Duncan’s
multiplc-range test (/93 to determine if significant diffcrences in the
mean eggshell DNC content were observed across feeding treatment
levels. The concentrations determined for the shell aad the isolated
membranes were used 10 calculate the percent distribution of DNC in
the shell.

RESULTS AND DISCUSSION

Method Validation. The standard curve for DNC was
determined to be linear across the range of 0.02—10.1 ug/mL
with an < = 0.9999. The residuals [or cach standard data point
were randomly distributed across the range indicating no
confounding eftect from dilution. Chicken eggshells were used
as a surrogate matrix for goose eggs due to the ease with which
they could be acquired. No effects of shell pigmentation were
observed in the chromatography. No differences were observed
in the chromatography when results from both organically and
traditionally raised poultry were compared. Chromatograms from
a control and [rom cggshells fortified at 0.0973 and 0.983 ug/e
are presented in parts A, B. and C. respectively, of Figure 2.
No coeluting peaks were observed in the control. The ILOD
determined from the peak heights observed for the 0.18 x#g/mL
standards and the selvent was 0.0025 gg/mL.

The method was validated by determining recoverics of DNC
from chicken eggshell samples fortified at 0.0973 and 0.986
agle. Our laboratory QA procedures required mean recoverics
to be £20% of recoveries observed for the same fortification
level during method validation to be acceptable. No significant
difference in the means (ANOVA) of the percent recoveries
were observed at either level of fortification (Table 1), At the
0.0973 pgle level, = 0.05. DF = 2.9, Fouwa = 1.394, Fii =
3587, and P(Fain = Feueg) = 0.2960 and for the (L.986 ug/o
level, o = 0.05, DF = 2,10, Fyee = 2.9660. Fy = 3.490, P(Fou
< Fraed) = 0.075. The MLOD calculated from afl of the 0.0973
agle fortified samples and the unfortified controls during
validation was 0.0027 pgfg. corresponding to an LOQ) of 0.0090
pele.

Chromatograms for control goose eggshells and cggshells
fortitied at 0.0984 and 0.984 ugfe are prescnted in parts A, B.
and C. respectively, of Figure 3. No coeluting peaks were
observed in the control. The recoveries for the fortified goose
cgeshell samples (Table 1) were 96.2 4+ 13.4 and 953 + 10.9%
for the 0.0984 and 0.984 wg/g fortified samples. respectively.
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Figure 2. Chromatograms from DNC fortified chicken eggshell samples:
control with no DNC (A); fortified at 0.0973 ng/g (B); fortified at 0.986
1g/g (C).

Table 1, Percent Recovery Data for Fortified Chicken and Goose
Eggshells

mean fortification
collected on n level (;eg/g) recovery (%) CV (%)
Chicken Eggshells
validation 7 controls <MLOD ned
6 0.0073 83.4+10.0 1.0
7 0.986 836+7.3 8.3
day 1 3 controls <MLCD nc
3 0.0984 86.1+17.8 206
3 0.981 892412 1.4
day? 3 controls <MLOD nc
3 0.0992 75.0+82 1.0
3 0.983 79.0+19 23
day 3 3 controls <MLCOD ne
3 0.0977 73.7+14.0 18.0
3 0.991 886+ 7.3 83
Goose Eggshelis
day 4 5 controls <MLOD ne
5 0.0973 932 +134 139
5 0.986 953+ 109 114

4 Not calculated.

There were no significant dilterences at the a = 0.05 level
between the fortified goose eggshells and the fortified chicken
cgoshetl data collected during method validation [Student’s one-
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Figure 3. Chrematograms from fortified goose eggshells: conirol group

sample (A); fortified at 0.0984 /g (B); sample fortified at 0.984 /g

().

tailed ¢ test. 0.0984 ug/g goose eggshells versus .0973 mg/g
chicken cggshells: DF = 9, rogea = 1.1010 feir = 18330 P(tai
< feaea) = 015, 0.973 gofe fortificd goose cggshells versus
the 0.986 pg/g fortified chicken eggshelts: DF = [0, rogea =
1.28, fe = 181 Pty < temed) = 1229, The MLOD caiculated
from all ol the 0.0984 pegfe tortilicd samples and from all of
the unfortified controls was 0.0026 wg/fg. corresponding (o an
LOQ of 0.0087 ug/s.

Goose Feeding Field Study. Twenty-cight (seven replicates
at cach Nicarbazin feeding treatment level) egas collected during
the field study were randomly selected for determination of the
DNC concentration in the eggshell. No coeluting compounds
were detected in the control group eggshells (Figure 4A). The
DNC levels in all of the control eggshells analyzed were below
the MLOD. Peaks from cggshells in a feed treatment group were
clearly resolved irom bascline (Figure 4B is an example from
the 500 pg/e Nicarbazin treatment group).

The means + 1 standard deviation (5) for each egg analyzed
in the three treatment feed groups (Table 2) were 0.094 £ 0.071
for the 125 pefe feed treatment group, 0.189 £ 0.130 for the
250 pg/e feed treatment group, and (0.341 £ 0.241 for the 500
segle feed treatment group. Using an ANOVA (Excel. Microsolt,
o = 0.05: DF = 2, 38: calculated F = 7.73: critical F = 3.24)
the means were determined o be significantly different. Means
were determined to be significantly different at o0 = 0.05
[Duncan’s multiple-range test (79]. The largest significant mean
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Figure 4. Chromatograms from goose eggshelis: contrel group sample
{A); sample from the 500 sg/g treatment group (B}.

Table 2. Goose Eggshell DNC Analysis Results

Eq replicate 125 19/g 250 ug/g 500 19y
1 1 <00 0.092 0.027
2 0.009 0.022 0.032
2 1 0.093 0.084 0.147
2 0.089 0.020 0.094
3 1 0.021 0.082 0.380
2 0.030 0.072 0.598
4 1 0.200 0.221 0315
2 0.260 0.198 0.296
5 1 0124 0.256 0.434
2 0.130 0.215 0.463
6 1 0.045 0.358 0.399
2 0.070 0.3 0.169
7 1 0.069 0.248 0.884
2 0.086 0.405 0.536
mean 0.094 0.189 0.341
s 0.07 0.130 0.241

difference required by the test was 0.083, and the smallest
difference observed between the means was 0.095. The observed
trend in the means is consistent with the increase in magnitude
in the treatments. These obscrvations are consistent with the
relationship belween increases in DNC tissue concentrations and
Nicarbazin dose reported in the literature for poultry (20, 27).
The high variability between replicates for individual eggs is
due in part to the irregular distribution of the membrane across
the shell surtace. The mass percentage (mass ol membrane/
mass of eggshell) ranged from 9 w 16% for the isolated
membranes (Table 3). In the carly stages of development the
CAM is not uniformly distributed and the eggs had different
degrees of development. even within a treatment group. Many
of the eggshells had highly vascularized membranes, reflecting
the presence of the CAM and a high degree of development.

Comparison of the concentration of DNC in the shell and
the isolated membrane showed that the concentration in the shell
from the 125 mg/kg treatment group was less that the LOQ for
all ol the samples (Table 3). The average percent of the DNC
in the isolated shell was 36.4 + 8.0% (mean £ 1s) of the DNC
in the eggshell (shell and membrane) tor shells sampled from
the 250 mg/kg feed treatment and 38.6 + 4.5% for the 500
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Table 3. Concentrations of DNG for the isolated Membranes and Eggshells by Feed Treatment Level

sample masses analyzed DNC conen
treament level (1g/g) replicate eggshell {g) membrane (g) total (g) membrane (::g/g) egg shell («g/g) % DNC in sheil®
cantrol 1 415 0.43 4.58 <MLOD <MLCD
125 1 442 0.50 492 0.062 <LoQ
2 431 0.65 496 0.26 <LOQ
3 424 0.47 47 0.43 <LOQ
250 1 464 0.63 527 2.7 0.15 29.0
2 4.27 0.60 487 0468 0.078 449
3 4.44 0.39 483 1.86 0.089 353
500 1 4.07 0.82 490 1,99 023 36.2
2 4.23 0.50 473 348 0.23 359
3 4.45 0.44 489 1.94 0.15 439

29, DNG in shell = (DNC concn in shall x mass of shell)/(DNC concn in membrane x mass of membrane + DNC concn in shell »x mass of shetl) x 100.

meg/kg teed treatment. The shells were significant contributors
to the amount of DNC determined for the eggshell in the higher
feed treatment groups. There was no relationship between the
amount of DNC recovered from the membrane and the mass
of the membrane extracted. The linear regression corrclation
coclficients for the amount of DNC cxtracted from the
membrane versus the mass of the membrane are (0033, 0,152,
and 0.297 for the 125, 250, and 500 mg/kg trcatment groups.
respectively. The statistical analysis suffers from the constraint
of a small sample size. The high variability in the subsamples
mirrors that in the original shell samples. Our initial expectations
were that the shell (eggshell isolated from the membranes)
would not contribute significantly to the amount of DNC
recovered from the eggshell. However. this proved to be untrue.
This may result from an association of the DNC with the outer
shell membrane, which was not separated from the ECM.

Historically. studies using eggshells to assess burden on the
embryo have focused on one stage of development of the egg.
This was nol possible in this study as the objeclive was to asscss
the minimum dose necessary to prevent cmbryo development
in the goose ege. The mechanism by which this occurs is not
well understood. The stage at which an egg stopped developing
may have been due o the Nicarbazin dose or due to an
environmental factor such as thermal stress. To accurately assess
the efficacy of Nicarbazin, the collection schedule sought to
allow as many eggs to develop as possible. The time of
collection and the degree of membrane development are known
to affect recoveries ol pesticides from egg membranes (/3). We
suggest this might also account for some of the variability
observed.

There is debate in the literature regarding the passive versus
active transport of organochlorine pesticides into and through
the choricaliantoic membrane (/3—22).

Organochlorine pesticides have long residence times in tissues
and arc associated with the lipid fraction (/3—78). Nicarbazin
does not have long residence times in tssues. Nicarbazin is
commonly {cd 0 poultry at a dose of 125 mg/kg in feed. Tn
radiolabeled isotope studies with chickens ted this dose for 3
days no activity could be measured in any tissues after 5 days
following withdrawt of this dose (23). 1n poultry. DNC is
observed (0 accumulate in the liver and kidneys preferentially
to the muscle. skin, and {at (23). We associate the accumulation
of the DNC in the cggshell with the waste accumulation
functions accorded to the eggshell membranes as the embryo
develops (/7). with the understanding that there may be active
transport of the DNC required for this to occur.

The decision to analyze the cggshell, instead of an isolated
membrane, was based on the need for a method that would be
applicd to cggshells collected in the ficld (often the entire

egoshell is not recoveredy and a need Lo increase ease in handling
of samples. The goose eggshells we analyzed had total masscs
between 12 and 20 g. It was not uncommon to be able to recover
only half of an eggshell from a hatched cgg. This mass limitation
poses serious constraints on a method, particularly one that
requires only an intact-entire membrane. In all of the methods
published 1o date in which an investigator analyzed pesticides
in cggsheli membranes, they analyzed the entire membrane. The
inclusion ol the shell greatly increased the sensitivity of the
presented method.

Conclusion. The method developed for determining DNC
in eggshells was successfully applied to the analysis of goose
eggshells from geese fed different levels of Nicarbazin-treated
feed. The levels of DNC observed in the eggshells (shell and
membranc) were proportional to the levels fed to the geese in
the feed. Including the shell in the extraction contributed
signilicanily to the amount of DNC recovered in the extraction
for the higher feed Lrcatment groups. This method. based on
analysis of the isolated membrane and the extracellular shell
matrix combined. will be used o support future studics to
establish the effective dose lor Nicarbazin-treated feed fed to
Canada geese as a means of preventing the development of the
ecmbryo in cggs by analyzing eggs that have hatched.
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